personally no doubt, and that it is the forerunner of all cases of purulent meningitis is a point I hope to make in the following argument.
Clinically its presence is indicated by such symptoms as headache, vomiting, stiffness of the muscles of the neck, and increase of arterial tension. Upon tapping the lumbar theca the cerebrospinal fluid spurtsout under pressure; is, as a rule, clear, although it may be slightly turbid; has a specific gravity of 1005-1008, and an alkaline reaction. It may contain a few lymphocytes and polymorphonuclear leucocytes.
In the midst of such conflicting ideas it is unusually difficult toe extract light from darkness, and you will, I trust, pardon me if, in the following remarks, I may appear to be didactic, and to draw too much from my own, and therefore necessarily limited, experience. The subject is one, however, which has interested me very considerably, and with the surgical treatment of which I have had some little practical experience. Considered from a pathological standpoint, it is undoubtedly convenient to divide meningitis into such subdivisions as serous, plastic, fibrinous and purulent, but from the therapeutic point of view these subdivisionsare arbitrary, and are merely so many phases in the evolution of a disease, a progressive disease, the outcome of bacterial invasion, whose invariable termination, unless nipped in the bud, is in the death of the patient. I would urge the importance of this view, and of recognizing that there will always be inherent differences in the clinical landscape due to the variety and toxicity of the causal organisin or organisms, and the cell resistance of the individual. That the disease is not necessarily fatal, provided that an early diagnosis be made and prompt treatment instituted, is evident from the published records of carefully observed and authentic cases. The old adage that delay is dangerous is nowhere more applicable than in the treatment of otitic meningitis. Put briefly, successful treatment depends upon early diagnosis and early drainage. Special knowledge is required in" order to make an early diagnosis, and courage to operate in the absence of the full ensemble of text-book symptoms.
What actually determines the onset of an attack of meningitisremains as yet undetermined. Why in meningitis is there an increase, and often a very rapid increase, in the amount of cerebrospinal fluid? Why does not this increased exudate pass into the circulation, there to be dealt with? These and other such problems demand our most careful consideration. The mortality from purulent otitic meningitis is still so alarmingly high that any suggestions as to its treatment, suggestions which I trust may be thrown out in the course of to-day's discussion, will be welcomed by all who have the progress of aural surgery at heart.
For practical purposes meningitis may be divided into two main types: (1) localized, and (2) diffuse; and into subdivisions according as it attacks the external surface of the dural or the subdural spaces.
The treatment of that localized form known as extradural abscess is so well understood by members of this Section that I do not propose to discuss it beyond remarking that, in my experience, it is a more common complication of acute than of chronic otitis media, and more frequently found in the posterior than in the mliddle fossa, and also that I have frequently encountered such extradural collections of pus when their existence was quite unsuspected. It is quite a different m-atter, however, when ulceration of the dura has taken place and infective organisms have reached the subdural spaces. It is true that localized collections of pus are found in the subdural space, but the tendency here is to generalized suppuration, as the defences thrown out by Nature are rarely strong enough to resist repeated bacterial attacks. Such localized subdural collections of pus are rarely diagnosed, but are occasionally found in the course of exploratory operation.
Purulent lepto-meningitis, by which I mean an involvement of the meshes of the pia arachnoid membrane, is by far the most formidable of the various intracranial complications secondary to purulent otitis media, and is frequently encountered with brain abscess or sinus phlebitis. For a time the infective process remains localized to the neighbourhood of the original focus of septic disease, but tends to become diffuse and generalized. The fact, however, that it remains for a time, at any rate, localized, deserves to be more appreciated, for it is at this stage that operative interference is most likely to prove successful. Exacerbations of temperature denote to mny mind invasion of fresh areas of tissue, and, therefore, of an advance of the disease, and are consequently important signals. It is useless to await the advent of all the classical signs and symptoms so ably portrayed in the majority of text-books. By the time they are in evidence the patient is, as a rule, beyond the hope of surgical intervention, the increased intracranial pressure and the existing toxaemia so disorganizing his cerebral centres as to make recovery well-nigh impossible. An intelligent appreciation of the course of pathological events, and an analysis of the cerebrospinal fluid-the keystone to the situation-materially assist in making an early diagnosis and in instituting a rational line of treatment.
Under normal circumstances the mechanism controlling the secretion 44 Milligan: Discussion on Treatment of Meningitis of cerebrospinal fluid and its ultimate passage into the venous systen is so delicately poised as to ensure an equable pressure. Let this mechanism be disturbed ever so slightly by factors which tend either to cause an increased exudation, or to prevent the passage of fluid through the Pacchionian bodies, and we have at once certain changes induced, changes which are capable of being accurately registered by modern chemical tests.
Under normal circumstances the cerebrospinal fluid is, under slight pressure, 20 to 30 mm. of mercury, has an alkaline reaction, and a specific gravity of from 1005 to 1008. It may be secreted in great amount as the result of some peripheral focus of irritation with, as a consequence, the various signs and symptoms of increased intracranial tension, but so long as it is able to deal with, and to annihilate, any bacterial attack it remains alkaline and more or less clear. Increased turbidity, however, does not mean that it has become septic, but that there has been a marked leucocytosis, in other words, a supreme effort to ward off invasion. Diminishing alkalinity denotes, to my mind, progressive bacterial invasion, while an acid reaction indicates that definite purulency has become established.
My opinion is that all cases of purulent meningitis are preceded by a stage of serous meningitis, when a desperate fight is made by the meninges and cerebrospinal fluid to resist bacterial invasion. To attain victory cerebrospinal fluid has to be secreted in such quantity that the patient may become almost comatose from increased intracranial tension. If, however, operative interference be undertaken at this stage and the focus of infection removed, with at the same time a fair amount of cerebrospinal fluid, recovery not uncommonly follows. That the fight may be a long and desperate one is evidenced by the case of H. R., a female, aged 36, who for five weeks struggled against bacterial invasion of her cerebrospinal fluid and finally succumbed to a streptococcal infection.
At the time of her admission to hospital she was suffering from suppurative labyrinthitis and symptoms of increased intracranial tension. Examination of the cerebrospinal fluid, which was turbid, showed a marked leucocytosis, but no bacteria were found either in films or cultures. The fluid was under high tension, contained an increased amount of albumin, and reduced Fehling's solution normally. A complete labyrinthectomy was performed and a small extradural abscess at the apex of the pars petrosa opened. Later, on account of the persistence of increased intracranial tension, translabyrinthine drainage was instituted. The cerebrospinal fluid, which was examined from time to time, remained turbid and alkaline until two days before the patient's death, whon it sliddenly became purulent and was found to swarm with streptococci and staphylococci.
Transition from the serous to the purulent type. of cerebrospinal fluid is not necessarily, however, indicated by the presence of bacteria. It may and does take place befole any bacteria are discovered in films or cultures, as what we have to deal with is the inter-reaction between the toxic by-products of bacterial life and living tissues. It is consequently to the chemistry of living tissues such as the cerebrospinal fluid that we have to look for the earliest indications of pyogenic invasion. Careful analysis will reveal delicate pathological changes at a time considorably anterior to that at which the more gross clinical symptoms manifest themselves. Metabolism of the products of bacterial life is such as to destroy or partially destroy the existing carbohydrates or proteins in the cerebrospinal fluid. It is now admitted that in normal cerebrospinal fluid there is a carbohydrate-a glucose-which has the power of reducing the copper in Fehling's solution. In the presence, however, of bacterial infection of the cerebrospinal fluid the Nexisting carbohydrates become rapidly used up, with the result that in purulent meningitis there is an absence of this copper reducti6on. Hence we have at once an easy and apparently a certain test (Kopetzky) of determining when and whether a serous meningitis is becoming purulent or not. In addition the percentage of solids is increased, more especially the percentage of albumin. On boiling normal fluid' a faint haze from the coagulation of albumin is noted. In purulent meningitis the amount increases at times to as much as 01 per cent.
A progressive and at the same time diminishing alkalinity of the cerebrospinal fluid, or a definite acidity, provides another useful bedside test of what is taking place. Several observers, among others Araki and Zillensen, have shown that in the presence of a lack of oxygenation there is a production of lactic acid in the living tissue. Where metabolism is upset as the result of some inflammatory, and more especially septic process, where, in other words, the production is in excess of elimination, a varying amount of acidosis is induced, and it is to this artificial acidosis that the acid reaction of the cerebrospinal fluid is due. So long as the cerebrospinal fluid remains alkaline, even though turbid, there is reason to expect a good result from operative interference, but should it become excessively turbid and acid the prognosis is grave, as then we know that the cell resistance of the individual has been overcome, and that bacteria and their toxins have gained the upper hand.
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In the early stages of meningitis the cellular elements found in the cerebrospinal fluid are very much the same as those found in normal fluid. Occasionally a few lymphocytes in various stages of disintegration and a few polymorphonuclears are to be seen. Later on, when the fluid has become definitely purulent, there is an enormous increase in the number of leucocytes, chiefly polymorphonuclears, and a moderate increase in the number of lymphocytes. Bacteria are not found in films. or in cultures in the early stages of the disease. As the disease progresses they are, as a rule, easily detected, either intraor extra-cellular. The commonest varieties found are streptococcus, staphylococcus, a Gram diplococcus, and Friedlinder's bacillus.
Coincident with these delicate changes in the cerebrospinal fluid certain clinical signs and symptoms of diagnostic value make their appearance. Thus the gradual increase of intracranial pressure from excessive and protective secretion of cerebrospinal fluid is accompanied by a simultaneous increase of general blood-pressure and progressive tendency to cerebral anaemia. Owing to the brain substance itself being incompressible the pressure is exerted upon its vascular supply, with the result that nutrition is gradually cut off and a condition of malnutrition started. To this progressive increase of intracranial tension too much importance cannot be attached. It is in many cases the determining factor in the fatal issue, the cerebral anemia which it induces paralysing the function of one or other of the sensitive vital nerve-centres. It is at this stage,the stage of active resistance by the cerebrospinal fluid to the invasion of bacteria, when the fluid, although possibly turbid is still alkaline and capable of reducing the copper in Fehling's solution, that lumbar puncture as a therapeutic measure is so advantageous. The withdrawal of a quantity of fluid, the amount varying with the pressure under which it escapes through the trocar, by relieving the mechanical symptoms due to increased pressure, tends to ward off profound cerebral antemia and so to give time for the institution of more definite remedial measures.
Another indication of commencing meningitis is found in the presence of an cedema of the optic disk. The sheath of the optic nerves being a continuation forward of the membranes of the brain and containing cerebrospinal fluid, anything which tends to increase the amount of cerebrospinal fluid, and consequently intracranial pressure, will at the same time increase the pressure around the nerve, an increase reflected by a certain fluffiness of the margins of the disk. I have also found in a few cases a lowering of the upper tone limit due to what I take to be similar mechanical causes. Owing to the fact, however, that the labyrinth upon the affected side is so frequently implicated in the primary septic process the test has in such cases to be applied to the labyrinth of the opposite ear. The various chemical tests and the signs and symptoms just detailed are evidence of a prima facie case of incipient meningitis, and afford sufficient evidence to convict and to banish the invading party. To be effective, ptinishment should be drastic and rapidly carried out.
In the early stages of meningitis, when the cerebrospinal fluid is under high tension, clear or faintly opalescent, alkaline in reaction, and on boiling capable of reducing the carbohydrates present, repeated or continuous drainage through the lumbar theca, in addition to the removal of the prinmary focus of infection by so diminishing intracranial tension and consequent cerebral pressure, may bring about a complete cure. Ventricular drainage, although it may find a place in the treatment of non-pyogenic meningitis, entails the risk of infecting a previously non-infected ventricle as well as the cerebral substance through which the knife or needle has to pass. Luumbar puncture is to my mind, however, much more a diagnostic than a therapeutic mneasure, and although in mild cases it nmay succeed in bringing about a cure, is not to be relied upon. Even continuous lumbar drainage, which a priori might have been expected to be efficient, fails after a tinme because, as fluid is continuously withdrawn, the brain stem sinks down into the foramen magnum, with the result that it is prevented from' flowing from the distended ventricles through the foramen of Majendie and so into the spinal theca. A more effective and imiore rapid method of drainage is necessary, such as is obtained by translabyrinthine drainage or one or other form of decompressive operation. The internal administration of urotropine is said to have a beneficial effect and to assist in keeping the cerebrospinal fluid aseptic. Its rapid elimination, partly as formaldehyde, and the fact that it is found in the cerebrospinal fluid soon after its administration by the mouth, has given rise to the idea that it might possess a certain antiseptic value, in addition to which Barton and Brown maintain that it is also found in the secretion from the infected ear.
When, in cases of serous meningitis, the labyrinth is the primary focus of infection, its complete removal, with, in addition, the establishment of translabyrinthine drainage as recommended by West and Scott, may prove efficient. In preference, however, to translabyrinthine drainage I am in favour of a decompression operation in the posterior fossa at some distance fromn the original focus of labyrinthine suppuration on account of the risks of infection of the cerebrospinal fluid, unless asepsis be maintained, which, under such circumstances, is extremely difficult, if not impossible.
Opinions differ very much as to the actual value of serum therapy and vaccine treatment in cases of purulent meningitis. While not denying that the administration of an autogenous vaccine may help, my experience has been to regard it merely as an adjuvant, and to rely upon the relief of intracranial pressure as afforded by one or other form of decompressive operation, and the removal of the primary focus of infection.
To be successful, any treatment of otitic purulent meningitis presupposes elimination of the primary focus of infection, whether it be a middle or an internal ear suppuration, or, as is so frequent, of the two combined. It is only of late years that purulent internal ear disease has received anything like adequate attention. In my opinion the internal ear is not only by far the most frequent avenue of infection to the meninges, but is also the most dangerous because it leads to direct infection of the posterior fossa. In actual practice, cases of what one might name " tympanic meningitis " are not nearly as fatal as cases of "labyrinthine meningitis." In the former the resulting meningeal infection is likely to be localized, whereas in the latter there is a tendency to rapid diffusion, while from the conformation of the parts operative interference is considerably more difficult. The fact that in the posterior fossa there is a larger am-ount of cerebrospinal fluid to be infected thans in the middle fossa adds to the danger of infection in this region. When, therefore, infection is by way of the internal ear, as can usually le established by the employment of the caloric or other labyrinthine tests, a complete labyrinthectomy in addition to a complete post-aural operation should be perfornmed. Having eliminated the primary focus of infection, any pathological tract leading into the interior of the cranium should be followed, and if a localized collection of pus be found, free drainage afforded by removal of as much of the surrounding bone as is deemed necessary, carried out. Assu'ming, however, that there is no evidence of any localized collection of pus, but that we have to deal with a spreading meningitis, the difficulties of treatment are enormously increased. The objects to be borne in inind after removal of the primary focus of infection are: (1) The relief of intracranial pressure; (2) the establishment and maintenance of free drainage from the meninges, and (3) the overcoming of the existing toxoemia.
In undoubted cases of purulent meningitis lumbar puncture has no place other than as a miieans of diagnosis. Some form of decompressive operation is called for, the essential feature of which is to provide by a sufficiently free removal of bone a window large enough to efficiently relieve existing pressure, and at the same time to provide a means of freely draining the infected meninges. A window having been made either in the temnporo-sphenoidal or cerebellar area, the dura will be found to bulge into the opening and to practically cork it up. Some operators content themselves with the making of such a window and with the relief of pressure thus obtained. No doubt in certain cases of incipient meningitismeningitis serosa-this is sufficient, but in purulent meningitis it merely delays the fatal issue a few hours or days.
To drain the pia-arachnoid cavity the dura may be dealt with in several ways: (1) By excising narrow strips in parallel rows; (2) by raising as large a flap as the bone wound permits of; and (3) by removing entirely the dura corresponding to the bone wound.
To Charles Ballance we owe the suggestion of attacking meningitis by the occipital route. In 1891 he performed the now classical operation of draining the posterior sub-arachnoid space after trephining the occipital bone upon both sides of the middle line close to the foramen magnum. In 1893 Alfred Parkin proposed drainage of the cisterna miiagna, while in the same year Ord and Waterhouse drained the posterior fossa after removal of a portion of the occipital bone and incision of the underlying muembranes. Since that time isolated cases have been recorded by various observers; some successful, nmany, however, iunsuccessful, fromthe fact that the operation, however skilfully planned and executed, was undertaken at too late a stage-when, in fact, the patient was alnlost moribund from excessive intracranial pressure and progressive toxlmia.
Whether decomipression be performed over the temporo-sphenoidal or cerebellar area, great difficulty is encountered in dealing with the brain substance itself. The mnoment the dura has been incised the cerebral or cerebellar cortex, as the case may be, is thrust into the wound by the vis a tergo and tends not only to cork up the opening made and so prevent the escape of infected cerebrospinal fluid, but also to lacerate its substance against the edges of the bone wound. Efficient drainage of the sub-arachnoid space is consequently rendered very difficult. The tendency to brain hernia is also encouraged partly from the vis a tergo and partly from the mechanical difficulties of maintaining free drainage.
To obviate this tendency to brain herniation, Havnes, of New York, has suggested drainage of the Milligan: Discussion ont Treatmenit of Mlleningitis cisterna magna through the cerebello-mnedullary angle, as in this situation there is no brain tissue in the inmmediate neighbourhood to protrude, and also because infected fluid is prone to collect here.
He regards this situation as the one logical place where remiioval of infected cerebrospinal fluid should be practised. The patient is laid prone upon the operating table, the head being held up by a suitable head-rest or by a competent assistant. An incision is nmade in the ilmiddle line from the occipital protuberance to the spinous process of the axis, the soft parts retracted, and the underlying occipital bone removed. A 3-in. trephine is applied in the middle line about 1 in. above the margin of the foramen magnum and a disk of bone removed. The dura is then separated from the bone and two grooves made through the bone into the foramen magnum. When this triangular piece of bone has been removed, the dura presents under pressure.
A small incision is made through the bulging dura and arachnoid, with the immediate escape of cerebrospinal fluid. When a quantity of fluid has drained away, the incision is enlarged and an inspection made of the posterior poles of the cerebellum, the notch between them, and the posterior surface of the medulla. A drain is then inserted into the cisterna magna and suitable dressings applied. So far I have only performed Haynes's operation twice, and in neither case did the patient survive. Both cases were advanced cases of purulent streptococcal meningitis, with high arterial tension and pus-laden cerebrospinal fluid; in both cases, I believe, the operation was undertaken too late. The procedure, however, appeals to me, and at some future date I hope to have success with a case undertaken at a much earlier stage of the disease. The position of the patient upon the operating table rather interferes with the administration of a general aneesthetic-possibly spinal anaesthesia inight prove sufficient, but of this I have had, so far, no experience. My records show thirty-seven cases of meningitis serosa so called, with twenty-nine recoveries and eight fatal cases. In these eight cases the cerebrospinal fluid became definitely purulent, and although one or other form of decompression operation was performed it was unsuccessful. Of cases diagnosed at the tinme of admission to hospital or to surgical home to be suffering from purulent meningitis and submitted to operation I have had fourteen. In four of these cases it probably would have been wiser to have attempted no operation, at any rate all died. Of the remaining ten, where there was at least a sporting chance of recovery, six died and four, or 40 per cent., recovered. This certainly is nothing to boast 'of, but is, at least, a step in the right direction.
In conclusion', I would urge the necessity of an early diagnosis, employing for the purpose such tests as I have detailed, followed by immediate operative interference, should such tests prove positive. Although the results of surgical intervention so far obtained are far from satisfactory, I believe the day is coming when, with modern methods of diagnosis and technique at our disposal, the high mortality of the past will shade into insignificance in comparison with the brilliant records of the future. It is for a society such as this to lead in the van of progress, not to be deterred by failure, but to press on to obtain that great reward, the knowledge that our efforts have been crowned with success, and that an otherwise doomed life has been saved as the result of scientific investigation and surgical skill.
DISCUSSION.
The PRESIDENT (Dr. J. Dundas Grant) said m-embers would admnit that the Section had just heard one of the most refreshing papers to which it had ever listened. Meningitis was particularly interesting to the otologist, because admittedly otitic meningitis was the most dangerous form encountered when compared, for instance, with that arising from nasal conditions, and probably because it affected the posterior fossa of the skull. It was very gratifying to notice the hopeful tone which Dr. Milligan had adopted towards the disease, in which he agreed with what had been expressed by Kopetsky and others in recent discussions. At the coinmencement of the year a long discussion on the subject took place at the GermaJn Otological Society, and there it was said that the best results followed incision of the dura mater. Alexander recently brought forward cases in which that was the determining factor. But he did not think the points concerning early diagnosis were so freely discussed there as in America, and the Section was indebted to Dr. Milligan for having brought them forward. He hoped that, in his reply, Dr. Milligan would formulate what indications as given by the biochemical tests would not only justify but call for immediate operation of a complete kind. The Germans recognized the possibility of spontaneous recovery from meningitis. Though that did occasionally take place, it was not to be counted upon. He would be glad to know whether Dr. Milligan's study of the new methods had led hiim to know when
